GUTTMANN, L. (England) replied that there were no statistics on ulcers occurring in acute high cervical lesions. It would, of course, be important to investigate these cases in the early stages, but this, as a rule, was not feasible. With regard to treatment, the main measure was the blood transfusion. In one of their cases they had called in the services of a general surgeon and he had indeed rescued the patient. In the case reported by Dollfus and Frankel, the surgeon declined to operate. He was quite right, for the patient was too critically ill and died.
National Spinal Injuries Centre, Stoke Mandeville Hospital THE reflex activity that is responsible for changes in muscle blood flow with posture and following the Valsalva manreuvre is believed to arise in low-pressure receptors rather than in arterial baroreceptors (Shepherd, 1963) . While it has been establi shed that the efferent side of these reflexes is by the sympathetic nervous system, the afferent side of these reflexes and their central connections are obscure. Sharpey-Schafer (1956) has pointed out that if such reflex activity can be eliminated, it is much easier to understand the physiology of the circulation, since it is possible to differentiate between changes occurring which are central or reflex in origin and changes occurring that are local or mechanical in origin. It seemed that the study of a group of subjects who had sustained a complete physiological interruption of their spinal cords as a result of trauma above or at the level of the sympathetic outflow could offer a unique opportunity to determine which of these reflexes were spinal in origin, and which required the continuity of the brain stem, spinal cord and sympathetic chain for their elicitation.
The reflexes studied were the changes in the forearm blood flow in response to passive elevation of the legs, the Valsalva manreuvre and heating of the lower part of the body.
Clinical Material. Eight tetraplegic patients and three normal controls were studied. The level of the spinal cord lesion varied between C6 and T3. In each case complete loss of sensory and motor function as well as loss of control of bladder and bowel function indicated that there was a complete loss of functional continuity of the cord at the appropriate level. Five of the patients were complete lesions above the sympathetic outflow (TI), the remaining three patients had only sparing of light touch in the upper three thoracic dermatomes. They were all male and their ages ranged between 19 and 44 years. They were paralysed as a result of fracture or fracture dislocations of their cervical vertebrae between two and eighteen months previously. Further clinical details are given in Table I .
Methods. Hand and forearm blood flows were measured by means of water filled venous occlusions plethysmographs. The water in the plethysmographs was kept between 30°-32°C. and 34°-36°C. respectively. The technique of Barcroft and Swan (1953) was followed closely.
The heart rate was recorded in some of the experiments on an Ediswan Electroencephalograph machine. The patient was brought to the examination room on his bed, with his head supported by pillows. Hand and forearm blood flows, and the heart rate were recorded for a control period of 30-40 minutes. The Valsalva manceuvre was performed by the subject blowing against a mercury column and holding it at about 40 mm. Hg. for ro seconds.
Indirect heating was achieved by heating the subject's trunk and lower limbs by a heat cradle, which was screened from the patient by a wooden board, covered with silver foil. Oral temperatures were taken at intervals during the indirect heating, with a clinical thermometer for a minimum of three minutes, and the skin temperatures of the forehead, chest, shoulders and elbows were measured with a 'Biatherm Baby' thermistor. The posture of the subject was altered by passively raising the legs, or the legs and lower trunk.
The room temperature was between 18° and 24°C. All the patients, except R. P., were examined on at least two different occasions. J. T. was examined six times.
The occurrence of spasms, micturition, sweating or complaints of headache by the patient were carefully noted, since it is known (Guttmann & Whitteridge, 1947; Gilliatt et at., 1947; Cunningham et at., 1953) , that these symptoms can be associated with marked changes in the hand and forearm blood flows in the spinal man.
Results. For the purpose of description the results obtained in the five patients with complete transverse spinal cord lesions above the sympathetic outflow will be stressed since in these patients the blood vessels in the forearm and hand were deprived of all central control from the brain. The remaining three patients with a little sensory sparing of light touch to the third thoracic dermatome behaved in exactly the same manner as the five patients with complete lesions, suggesting that they too had a complete interruption of the central sympathetic control of the blood vessels in their hands and forearms.
The Response to the Valsalva Manreuvre. During the Valsalva man reuvre in a normal subject, the raised intrathoracic pressure prevents blood entering the heart. This decrease in the filling pressure leads to a decreased stroke output and a fall in the arterial pressure. Reflex vasoconstriction occurs in the forearm blood vessels which persists for up to a minute after the release of the intrathoracic pressure. Figure 1 shows the plethysmograph tracings in a normal subject J. D'A.-E.; the time in seconds is horizontal. The vertical deflection shows the volume increase when the cuffs are applied, thus the degree of steepness of the slope is proportional to the blood flow. The two slopes prior to the Valsalva mana:uvre are quite steady and are steeper than the slopes immediately after the Valsalva man reuvre, but over the ensuing minute the slopes gradually return to normal. This indicates that there is a decreased blood flow in the forearm during this time, and it has been shown (Sharpey-Schafer, 1953 ) that this is due to reflex vasoconstriction of the forearm blood vessels. complete lesion below C6 as a result of a car accident 10 months previously. There had been no recovery of any kind. The slopes immediately following the Valsalva manceuvre are just as steep as those before, indicating that the blood flow had at once returned to normal, and that there was no persistent vasoconstriction with a gradual return to normal as in Figure 1 .
In Figure 3 , again on J. T., the slopes have been converted conventionally into forearm blood flows ml. per 100 ml. of tissue per minute expressed vertically, plotted against time in minutes horizontally. There is no sustained fall in the forearm blood flow with a gradual return to normal after the Valsalva manceuvre. The effect of the Valsalva manreuvre on the left fore arm blood flow and the heart rate in J. T. (a C6 tetraplegic). At the ter mination of the Valsalva, there is a small fall in the forearm blood flow, but this is not sustained and there is no fall in the heart rate below the resting level.
The heart rate counted over Io-second intervals is plotted above the forearm blood flows. There is an initial tachycardia at the cessation of the manceuvre, but no sustained bradycardia over the ensuing minute. This is again in contrast to the normal heart rate changes following the Valsalva when a bradycardia is found. Figure 4 shows similar results in R. P., who had also sustained a complete lesion below C6 some 18 months previously. In neither the left-nor right-hand tracings is there a significant change in the forearm blood flows or the heart rate following the Valsalva manceuvre.
While it is easy to demonstrate a fall in blood flow when there is little resting vasoconstrictor tone and the resting blood flow is high, it can be difficult to demon strate a fall in blood flow when the resting vasocon strictor tone is high and the resting blood flow is low. Such a situation pertains in a recumbent subject.
Roddie et al. (1958) , have pointed out that if the subject's legs are raised, vasoconstrictor tone can be reduced, and the fall in blood flow following the Valsalva will be much more dramatic. Figure 5 shows the effect of increasing the forearm blood flow in J. T. by raising the lower limbs and then performing the Valsalva man ceuvre. It confirms that there is still no reduction in forearm blood flow following the Valsalva manceuvre, although there was a fall in the blood flow when the legs were returned to the horizontal position. The results of the Val salva manceuvre are given in Table II . Only one of the subjects, J. Mc., was unable to perform the test; he was the most recently injured (two months before the examination). The first column shows the three blood flows before the Valsalva and the second column the three blood flows immediately after the termination of the manceuvre, the duration of these three flows being altogether about a minute. The heart rate counted over Io-second intervals for the half-minute immediately before the manceuvre and the half-minute subse quently are expressed in the last two columns.
All the seven patients behaved in the same way. There was no significant change in the blood flows following the Valsalva manceuvre. Some of the initial flows following the manceuvre were lower than those immediately preceding the There is no fall following the Val salva although the blood flow did fall when the legs were returned to the horizontal.
239 manreuvre: R. P. I and 2, N. M. I and 2, R. W. 2 and 3, S. G. I. 3, but in other tests on the same patients some of the flows were higher: R. P. 3, S. G. I. I and 2, and there was no consistent pattern of an initial sharp fall in the blood flow with a slow return to normal over the ensuing 4 flows that the normal showed. There was also no accompanying bradycardia.
The Response to Indirect Heating of the Body. The vasodilation which occurs in the hands of normal people in response to heating the trunk and lower limbs is reflex in nature. It is probably initiated in the central nervous system , 
valsalva __ 1 3"5 3"5 3 I 3"5 2"5 3"5 A f ter Valsalva 3"2 3"2 4"3 2"5 3"2 2"5 Coul d not per f orm the test 6"7 6"5 6 7"5 6"5 6"5 6 5"5 6"3 6 5"5 5"5 5"5 6 5"5 6 6 6 4 5 5 4"5 5"5 5"5 3 3"2 2"5 3"7 3"5 2"4 2"2 2"7 3 6"2 5"2 4"5 4"5 5"5 6 5"5 5"3 7 3 3 3"3 4 3"5 4 4"5 5"2 5 5 6 7 6 5"5 6"5 6"5 6"5 6"3 4 5"5 5"2 4"5 5"5 5"2 5"5 5"5 5"8 4"5 4 4 4 2"5 3"2 3"2 3 3 3"2 2"6 3 3 5"6 5"8 6"2 5 5"2 5"7 4"5 6"5 6"5 7"5 3"5 3"2 5"5 4"5 5"2 4"3 3"3 3"6 Heart rate counte d over Io �ec"1 and mediated via spinal cord and sympathetic efferents, the stimulus being a rise in skin and blood temperatures. Figure 6 shows forearm and hand blood flows in a normal subject recorded simultaneously with the corresponding oral and fore head temperatures. Initially the subject lay supine and naked for 20 minutes on a bed. Resting blood flows and temperatures were taken, then the heat cradle was turned on. The blood flows in the left hand began to increase rapidly within 5 minutes of heating from about 5 mi./loo mi. of tissue per minute to 10 and eventu ally nearly 20 mi./lOo mi. of tissue per minute. During the corresponding time there was a small increase of the right forearm blood flow from 2t to 4 mi./lOomi.
of tissue per minute. The oral temperature dropped a little while the forehead temperature rose. In contrast to these findings was the response to indirect heating in the tetraplegic J. T. as shown in Figure 7 . Following a much longer period of There is a rise in the forearm blood flow on elevation of the legs which falls on lowering the legs. There is no consistent change in the hand blood flow. There appears to be some slowing of the heart rate during the manoeuvre, with a return to its original rate at the termination of the manoeuvres . (a C6 tetraplegic) on the left hand and right forearm blood flow and the heart rate. In the left-hand tracing there is a small but consistent increase of the forearm flow on elevation of the legs which returns to normal when the legs are lowered. This is accompanied by a bradycardia. In the right hand tracing there is a spasm which affects the forearm blood flows and makes interpretation difficult.
heating under identical conditions there was no increase in the hand blood flow and only a little increase in the forearm blood flow. The forehead temperature rose nearly to 2°C. and the oral temperature 1°C., a more than adequate stimulus to ensure reflex dilatation of the hand blood vessels. The sharp drop in the forehead temperature and in the forearm and hand blood flows at 25 and 125 minutes illustrates the effect of detrusor activity of the bladder upon the autonomic nervous system in producing vasoconstriction in the paralysed areas. All other patients studied behaved in the same way, with a failure to increase their hand blood flows in response to indirect heating.
The response in these patients to the Valsalva mana:uvre and to indirect heating confirms the clinical diagnosis that all these subjects had complete trans verse spinal cord syndromes above the sympathetic outflow.
Effect of Raising the Lower Limbs Passively. The normal vascular response in muscle to raising the lower limbs passively depends upon shifting blood from the legs and results in a dilatation of forearm blood vessels, usually accompanied by a tachycardia. Roddie et al. (1958) have shown that the changes are not related to changes in arterial or mean pulse pressure but are due to reflex changes probably from low pressure receptors in the chest. Figure 8 shows the effect of raising the lower limbs of J. T. passively. The resting flow in his forearm is quite steady at about 2 ml. per 100 m!. of tissue and this rises with elevation of his legs to nearly 5 m!. per 100 m!. of tissue; the flow subsides to a lower level then the initially high transient, but the flow is still higher than normal until the legs are lowered to the horizontal again. The hand blood flows are much more irregular and show no consistent pattern. The heart rate slows during the elevation of the legs in this figure, and returns to its resting level immed iately the legs are returned to the horizontal position. Figure 9 shows the effect of passive elevation of the lower limbs in J. Mc., an other lesion below C6. In the left-hand tracing, although the rise in the forearm flow is much smaller it is quite consistent and terminates when the legs are restored to the horizontal position. The right-hand tracing is complicated by the develop ment of a flexor spasm on manipulation of the lower limbs. But accompanying both of the elevations of the legs in Figure 9 there is a significant and sustained bradycardia once the initial transient tachycardia following the initial manipulation of the legs has subsided. In this case the initial heart rate was much slower than in Figure 8 . The results are presented in Table III , the first column being the average of 3 blood flows before elevation of the lower limbs, the next column the average of 3 flows while the limbs were elevated. In all patients the blood flow in the forearm increased upon passive elevation of the lower limbs on at least one occaSIOn.
The accompanying changes in the heart rate are of great interest, all the patients showed an initial tachycardia during the first half-minute during and after the legs were being elevated, but the subsequent course was more variable and the majority of the patients developed a bradycardia like the cases illustrated in Figures 8-9 . This response is in contrast to that of normal subjects who react with tachycardia.
[ The negative responses in the tetraplegic patient to the Valsalva manceuvre and indirect heating taken in conjunction with the clinical examination indicate that these patients had a complete interruption in the continuity of their spinal cords. These findings are in accordance with those described by Cooper et al.
(1957) on heating tetraplegic patients and measuring the blood flow in their feet and by Watson (1962) 
on performing the Valsalva in tetraplegic patients
The interesting results are that in this group of patients who appear to have a complete spinal cord lesion, passive elevation of the lower limbs elicits a normal response of vasodilatation in the forearm muscles, and returning the lower limbs to the horizontal position restores the blood flow to normal. These results would indicate that this is a spinal reflex.
Roddie et at. (1958) , have shown that in normal subjects this reflex is initiated by a shift of blood from the lower limbs which stimulates low-pressure receptors situated in the chest.
The elicitation of bradycardia in the majority of these subjects would serve as confirmatory evidence, since this response of vasodilatation in the peripheral vascular bed and bradycardia has been described on the stimulation of these receptors in animals (Keele & Neil, 1961) . Presumably in normal subjects the response of the heart to an increased venous return caused by elevation of the lower limbs is a balance between the low-pressure receptors tending to slow the heart and influences from higher centres accelerating the heart. On these patients the removal of the influences from higher centres (by the complete cord lesion) unmasks the full response of the low pressure receptors. Vascular reflexes of the skin at a spinal level have been described by Guttmann and Whitteridge (1947) and by Gilliatt et al. (1947) , and it is not surprising that further reflexes that are more directly concerned with the regulations of the blood pressure should be found since tetraplegic patients are able to adjust themselves in time to sitting or standing without fainting.
SUMMARY
Three normal controls and eight tetraplegic patients with complete transverse spinal cord syndromes between C6 and T3 were studied. Five of the patients had complete lesions above CS. Hand and forearm blood flows were measured with water filled venous occlusion plethysmographs maintained at 30°-32°C. and 34°-36°C. respectively. Skin temperature and heart rate were also recorded.
The effects of the Valsalva manreuvre, passive elevation of the legs and indirect heating were studied. It was found that the blood flow of the tetraplegic patients did not increase in response to indirect heating which raised the oral temperature nearly two degrees centigrade, and failed to alter following the Valsalva manreuvre. In contrast, there was an increase in the forearm blood flow in response to passive elevation of the legs which returned to normal when the legs were restored to the horizontal position. This was accompanied in some cases by a bradycardia. It was concluded that this was a spinal reflex.
The significance of these findings is discussed in relation to the central and peripheral control of the blood vessels, and the pathways involved. II a ete trouve que Ie volume circulatoire des tetraplegiques n'augmentait pas en reponse a un rechauffement indirect suffisant pour augmenter la temperature bucale de deux degres centigrades, et ne montra pas de difference apres la manceuvre de Valsalva. Au contraire, Ie volume circulatoire augmenta a la suite de l'eIevation passive des membres inferieurs et redevint normal quand ceux-ci furent de nouveau places horizontalement. Ces changements furent dans quelques cas accompagnes de bradycardie. Il a ete conclu qu'on se trouve en presence d'un reflexe spinal. Ces resultats ont ete etudies en relation avec Ie contr6le central et peripherique des vaisseaux sanguins et leurs cheminement.
